OBJECTIVE -To examine the direct costs of care before and after onset of end-stage renal disease (ESRD) for patients with and without diabetes based on analyses of retrospective healthcare claims data.
O
ver the past 2 decades, both the incidence and prevalence of end-stage renal disease (ESRD) have continually increased (1) (2) (3) (4) . Between 1980 and 2001, incidence increased fourfold from 82 to 334 per million of the total population, while prevalence increased fivefold from 271 to 1,400 per million. Much of this increase in ESRD prevalence and incidence may be attributed to diabetes, specifically diabetic nephropathy, which is the leading cause of ESRD in the U.S. (2). The increase in the prevalence and incidence of ESRD caused by other conditions, including hypertension, glomerulonephritis, and cystic kidney disease, were much lower than that caused by diabetes. Between 1982 and 1992 , the prevalence of diabetes as the underlying cause of ESRD increased from 27 to 36%; between 1994 and 1999, 40% of all new ESRD cases occurred among individuals with diabetes (2, 3) .
In addition to the clinical burden, preventing or delaying the onset of ESRD also becomes especially crucial in the context of the economic impact on the healthcare system. ESRD patients constitute one-half of 1% of Medicare beneficiaries but account for 5% of Medicare program expenditures. In 1999, ϳ350,000 people in the U.S. suffered from ESRD, resulting in a cost of $12.7 billion to the Medicare ESRD program (2). However, these costs are expected to increase to $28 billion per year by 2010 (5).
Cost containment policies undertaken by the Health Care Financing Administration (now known as the Centers for Medicare & Medicaid Services) have included shifting ESRD program costs to the private sector. Under the Medicare-assecondary-payer (MSP) policy, health plans whose beneficiaries experience kidney failure are required to be the primary payer for the first 30 months of care (6) . The MSP period of 30 months and the increasing incidence of ESRD have substantial budget implications for managed care organizations, particularly because costs immediately after ESRD onset are known to be very high (7) . To fully understand the magnitude of these cost implications, and since diabetes, with its increasing incidence, is the major underlying cause of ESRD, a study was conducted to examine direct costs before and after ESRD onset among patients with and without diabetes using medical and pharmacy claims data from a national database. Patients were included if they had evidence of dialysis, renal transplantation, or other ESRD-related services (see APPEN-DIX for specific ICD-9 CM and CPT-4 codes) between 1 January 1998 and 30 June 2002. Patients were also required to have a minimum of 12 months of continuous enrollment in a health plan before and at least 1 month after the date of ESRD onset. All patients with at least 1 month of plan enrollment post-ESRD onset were included for the entire 12-month follow-up period (including those who disenrolled, died, or survived).
Patients were excluded if the claims of interest were indicative of acute renal failure or short-term dialysis, i.e., dialysis in months 1, 2, and/or 3 and no dialysis or kidney transplant in subsequent months. Other exclusion criteria included patients aged 65 years or older who were not enrolled in a Medicare Risk plan (as full utilization and cost data were not available) as well as patients from health plans not providing claims data for 12 months following the patient's index date, i.e., to allow for full follow-up if the patient survived and remained enrolled.
Adjustment for possible informative censoring due to death was done by including in the models the indicator of death and time to death variables (8). Because the database does not provide an indicator of death for privacy reasons, a "proxy" procedure was used to identify such individuals in the postonset period. This procedure included the examination of all postonset utilization on a month-tomonth basis for every patient. Patients with Ͻ12 months of claims activity and an event likely to have been fatal (e.g., cardiac arrest, resuscitation, or hospitalization; see APPENDIX) during the last month in which medical and pharmacy claims were available were assumed to have died. Figure 1 depicts patient selection and classification into either survived, died, or censored categories (n ϭ 1,849, 1,266, and 1,075, respectively). All medical and pharmaceutical claims spanning the period from 1 January 1997 to 31 December 2002 were then extracted for each eligible patient.
Patients were then stratified based on whether they had diabetes before ESRD onset. Patients were considered to have diabetes based on the presence of one or more provider or facility claims with a diagnosis of diabetes (ICD-9-CM 250.xx) and/or one or more reimbursed pharmacy claims for antihyperglycemic medication (insulin and all oral forms) in the 12 months before new onset of ESRD. (Note: patients were excluded from the nondiabetic group if they had the first evidence of diabetes following ESRD onset only.)
In addition to patient demographic and clinical characteristics and comorbidity profile pre-ESRD onset (low, levels 0 -3; medium, levels 4 -6; and high, levels Ն7 as defined by the Charlson Comorbidity Index score) (9), utilization and costs of all inpatient, outpatient, and pharmacy services were examined for both the pre-and postonset periods. Measures of interest included the frequency of hospitalization and corresponding days in the hospital, the number of physician, emergency room, hospital outpatient, and home health visits, laboratory tests, outpatient pharmacy claims (retail and mail order), and all other ancillary services. These measures were separated into three mutually exclusive categories pertaining to renal-related, cardiovascularrelated, and all other care based on coded diagnoses and procedures available on these claims (see APPENDIX for ICD-9-CM, CPT-4, place of service [POS] , revenue center, and generic product identifier [GPI] drug codes).
Analyses
Direct costs (health plan reimbursements) for all services were calculated separately for the 12-month pre-and postonset periods. Average per-patient costs from preonset to follow-up were estimated on a monthly and annual basis. Overall monthly and annual costs were expressed in 2002 dollars and were adjusted using the medical care component of the U.S. Consumer Price Index (U.S.
Bureau of Labor Statistics, 2003).
The results were stratified according to the presence or absence of diabetes. Among those with diabetes, further stratifications were based on age (Ͻ65 years vs. Ն65 years) and membership in a more stringently managed health plan type (i.e., HMO vs. PPO/POS or other).
Descriptive analyses were performed to estimate average monthly per-patient costs for each of the three major service categories and in total. These unadjusted results focused attention only on those deemed to have survived and died postonset and did not include those who were censored.
Adjusted cost estimates were derived using generalized linear models with a ␥ distribution and log-link function (10), which provided the ability to 1) group event times into discrete interval lengths to estimate mean costs directly from preto postonset periods; 2) account for differential follow-up duration; and 3) account for the expected high correlation of costs in the pre-and postonset periods using the generalized estimating equations approach (11) . A separate model was developed to estimate renal-related, cardiovascular-related, and all other related costs and total cost.
Covariates in the total cost model included age (Ͻ21, 21-34, 35-49, 50 -64, and Ն65 years), sex, geographic region (Northeast, South, Midwest, and West), health plan type (HMO, PPO/POS, and other), time period (pre-vs. postonset), preonset resource utilization, presence of diabetes, death, presence of other comorbidities (i.e., coronary artery disease, hypertension, and neuropathy), and concomitant medication use (i.e., albuterol, antifungals, antiviral cytomegalovirus agents, hematopoietic agents, immunosuppressants, mineralocorticoids, phosphate-binding agents, sulfa methoxazole plus trimethoprime, ␣-1 blockers, ␣-2 blockers, anticoagulants, angiotensin receptor blockers, ␤-blockers, calcium channel blockers, combination antihypertensives, diuretics, platelet aggregation inhibitors, and thombolytics). Annualized mean cost estimates derived from the model were compared across pre-and postonset ESRD periods. The resulting scaled deviance (DEV) divided by the degrees of freedom (d.f.) (DEV/d.f. ϭ 1.23) indicated a good ESRD-associated costs in managed care model fit. All analyses were conducted using SAS software, version 8.2.
RESULTS

Patient population
Patients with diabetes (n ϭ 2,020) were older than those without diabetes (n ϭ 2,170) (mean Ϯ SD age 58.0 Ϯ 14.0 vs. 50.5 Ϯ 19.8 years for diabetes vs. no diabetes, respectively) ( Table 1) . Approximately 25% of patients in the sample were Ն65 years of age (30.2 vs. 22.5% for diabetes vs. no diabetes, respectively; P Ͻ 0.0001). Almost two-thirds (59.4%) belonged to an HMO (65.8 vs. 53.5% for diabetes vs. no diabetes, respectively; P Ͻ 0.0001). Patient severity defined by the Charlson Comorbidity Index Score was higher on average in the diabetes group (54.6 vs. 21.1% and 22.8 vs. 6.4% in the medium and high categories, respectively, P Ͻ 0.0001). Diabetic patients also had related reported complications and comorbidities including nephropathy (44.6%), neuropathy (28.5%), and retinopathy (35.6%). Other reported prevalent conditions were hypertension (81.0 vs. 55.3% for diabetes vs. no diabetes, respectively; P Ͻ 0.0001) and hyperlipidemia (37.3 vs. 20.7%; P Ͻ 0.0001). Finally, nephrologists (63.5 vs. 48.4%) represented the most frequently seen specialty by patients at the time of ESRD onset.
Monthly cost trends
Mean monthly costs were relatively stable before ESRD (range $1,535-$4,357 among patients with diabetes and $1,083-$2,447 for no diabetes) but more than doubled in the month immediately preceding onset ($9,152 and $8,211 for diabetes vs. no diabetes, respectively) ( Table 2) . After ESRD onset, the average monthly per-patient cost escalated sharply in the 1st month of onset and was quite similar for those with and without diabetes ($26,507 and $26,789) ; costs then declined steadily through month 6 and remained relatively stable but elevated thereafter ($3,748 -$5,295 for diabetes and $2,025-$2,720 for no diabetes).
Costs were primarily manifested in renal-and cardiovascular-related services and were most pronounced in the preand postonset periods immediately adjacent to ESRD onset. Among those with diabetes, renal-related costs increased from an average of $590 in month 12 before onset to $20,436 immediately after onset. Cardiovascular-related costs among patients with diabetes increased from $678 in month 12 before onset to $3,504 and $5,532 in the month immediately before and following onset, respectively. Similar trends were seen among those without diabetes.
Among patients with diabetes, monthly costs did not differ substantially by age in the preonset period. However, total follow-up costs were higher among patients Ͻ65 years of age. This may be due to the restrictive payment mechanisms used in Medicare Risk plans where patients may in fact have more payment responsibility or uncompensated care than those in standard commercial offerings. Not surprisingly, patients enrolled in HMO products incurred 15-25% lower costs in both the pre-and postonset periods compared with those in less stringently controlled managed plans.
Cost estimates
Observed and adjusted annual cost estimates for ESRD patients were estimated for both patients with and without diabetes. Total observed cost more than doubled among both those with (from $36,554 to $86,081) and without (from $22,881 to $57,249) diabetes from preto postonset of ESRD. Annual renalrelated costs increased nearly fivefold among those with diabetes (from $14,738 to $69,439) and sixfold among those without diabetes (from $7,493 to $43,076) from the pre-to postonset periods, respectively. Costs for cardiovascular care declined among those with diabetes (from $13,746 to $11,665), and costs for all other care declined among both groups.
Adjusted annual per-patient cost increased by ϳ150% (from $38,041 to $96,014) among those with diabetes and 140% (from $22,538 to $53,653) among those without diabetes from pre-to postonset of ESRD. Adjusted annual costs of renal-related services more than quintupled (from $15,442 to $80,414 and from $7,678 to $37,712 among those with and without diabetes, respectively; P Ͻ 0.0001), whereas adjusted cardiovascular-related costs decreased slightly (from $16,031 to $14,624 and from $9,906 to $8,523; P Ͻ 0.0001), and the costs of all other services decreased by nearly 40% (from $8,118 to $5,321 and from $6,368 to $3,936; P ϭ 0.6871).
Adjusted total annual costs per patient pre-and postonset of ESRD were significantly higher (P Ͻ 0.0001) among those with diabetes as compared with those without diabetes. Total annual costs were 69% higher ($38,041 vs. $22,538 for diabetes vs. no diabetes, respectively) in the preonset period and 79% higher ($96,014 vs. $53,653 for diabetes vs. no diabetes, respectively) in the postonset period compared with those without diabetes.
CONCLUSIONS -Overall, findings from this study suggest that the onset of ESRD represents an extremely costly event regardless of whether the patient has diabetes. We observed a twofold or higher increase in total annual costs of care among both groups of patients after disease onset, with the highest costs being incurred shortly after ESRD treatment is initiated. Because commercial insurers are currently responsible for the care of ESRD patients for nearly 3 years after onset, our findings indicate that they will also incur the bulk of ESRD-related costs for these patients because costs will likely have flattened to lower levels among patients surviving long enough to be transitioned to the Medicare ESRD program. It is also of interest that, in a population receiving ESRD treatment, the amount of direct medical costs approximately attributable to diabetes is substantial. The total adjusted costs in the 24-month period of pre-and post-ESRD onset were 76% higher among ESRD patients with diabetes ($134,054) compared with those without diabetes ($76,192) . After adjustment for differences between groups with ESRD, the change in costs from pre-to post-ESRD onset was nearly twice as high among those with diabetes and was mostly attributed to outpatient costs (adjusted change in mean costs from pre-to postonset $57,973 for those with diabetes and $31,115 for those without diabetes); in other words, nearly one-half of the costs of ESRD are driven by the presence of diabetes. This emphasizes the importance of interventions among patients with diabetic nephropathy to prevent or delay progression to ESRD.
We found that ESRD patients with diabetes were older than those without diabetes. However, age was not a significant predictor of costs, and it is likely that the variance associated with age alone could be explained by other agerelated factors such as diabetes complications and comorbidities.
The cost of ESRD-related treatment appears to be higher for those Ͻ65 years of age versus older individuals. However, our sample was restricted to include only elderly patients enrolled in a Medicare Risk plan. These patients may differ in certain respects from the overall U.S. elderly population (e.g., demographics and severity) and may have a "capped" benefit structure. Therefore, cost estimates in this group may not be truly representative of all elderly individuals at risk of ESRD.
As the data source includes health plans, it is conceivable that data on ESRDrelated comorbidities/complications may not have been consistently reported. However, the underreporting of diagnoses did not likely affect our total cost estimates, i.e., ESRD related and unrelated.
Costs were categorized as renal related, cardiovascular related, or other based on a hierarchy. Consequently, costs were not partitioned among the three categories within an individual claim. True differentiation by type of costs for a single encounter is difficult; as such, this study focused on total costs in a new-onset ESRD population rather than attribution of costs.
In addition, as with most observational studies, we cannot rule out the possibility that selection bias, i.e., differences in severity and/or progression of disease, may have influenced our comparisons of those with and without diabetes with ESRD. Nevertheless, observed differences in cost persisted when analyses controlled for between-group differences, suggesting that any selection bias would likely affect only the magnitude (and not the direction) of our findings. We also used a proxy indicator to account for mortality in this analysis, which may be subject to misclassification error. Although this is true, it is important to note that the proxy 1-year mortality rate observed in our sample was 30.2%, which is similar to 1-year mortality rates (16 -26%) for incident ESRD reported elsewhere (12).
In this study, annualized per-patient costs for those who developed ESRD were substantial particularly among patients with diabetes (i.e., Ͼ$90,000 for patients with diabetes and Ͼ$50,000 for patients without diabetes, respectively, during the 1st year of treatment). Prior studies have reported 1-year costs among those with ESRD ranging from $50,000 to $64,500 (2, 13, 14) . However, none of those studies examined ESRD-associated costs in a managed care setting for patients with diabetes compared with those without diabetes. The findings of our study have substantial implications for managed care because the rising prevalence of diabetes and diabetic nephropathy could impose an increasing economic burden from ESRD in the coming years.
APPENDIX
Patient selection criteria New-onset ESRD using CPT and ICD-9 procedure codes consisting of:
